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Abstract
We present multi-wavelength observations of two gap transients followed by the Carnegie Supernova Project-II and supplemented
with data obtained by a number of different programs. Here in the first of two papers, we focus on the intermediate luminosity red
transient (ILRT) designated SNhunt120, while in a companion paper we examine the luminous red novae AT 2014ej. Our data set
for SNhunt120 consists of an early optical discovery, estimated to be within 3 days after outburst, the subsequent optical and near-
infrared broadband followup extending over a ∼2 month period, two visual- and two near-infrared wavelength spectra, and Spitzer
Space Telescope observations extending from early (+28 d) to late (+1155 d) phases. SNhunt120 resembles other ILRTs such as
NGC 300-2008-OT and SN 2008S, and like these other ILRTs, SNhunt120 exhibits prevalent mid-infrared emission at both early and
late phases. From the comparison of SNhunt120 and other ILRTs to electron-capture supernova simulations, we find that the current
models underestimate the explosion kinetic energy and thereby produce synthetic light curves that over-estimate the luminosity.
Finally, examination of pre-outburst Hubble Space Telescope images yields no progenitor detection.
Key words. star: mass loss, circumstellar matter - supernova: individual SNhunt120 (PSN J14535395+0334049, LSQ12brd)
1. Introduction
The proliferation of sky surveys over the past decade has driven
a dramatic increase in the discovery of transients in the “lu-
minosity gap” between the brightest novae (MV . −10 mag)
and the faintest classical core-collapse supernovae (SN; peak
⋆ This paper includes data gathered with the 6.5 meter Magellan tele-
scopes at Las Campanas Observatory, Chile.
⋆⋆ Photometry and spectra presented in this paper are available on
WISeREP.
MV ∼ −16 mag). Due to their resemblance to some Type IIn
supernova, but with a much fainter peak luminosity, over the
past years these objects were referred to as SN imposters (e.g.,
Schlegel 1990; Filippenko 1997; Van Dyk et al. 2000). However,
with the discovery of a low-luminosity subclass of type IIP SNe
(e.g., Pastorello et al. 2004) and an ever increasing diversity of
observed phenomena, the SN imposter nomenclature has now
become obsolete, and today SN imposters are typically associ-
ated with Luminous Blue Variables (LBVs) (e.g., Smith et al.
2011). Gap transients have also been referred to as intermedi-
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ate luminosity optical transients (ILOTs), but we choose not to
use this term to avoid confusion with intermediate luminosity
red transients (ILRTs; Bond et al. 2009, e.g.), as well as lumi-
nous red novae (LRNe; Blagorodnova et al. e.g. 2017). The early
spectra of gap transients are often dominated by Balmer emis-
sion lines, typically with full-width-half-maximum (FWHM)
emission line velocities ranging from & 200-300 km s−1 to &
1000 km s−1. This can be taken as evidence for the presence of
a pre-existing circumstellar medium (CSM) around the progeni-
tor of these transients.
Evidence now points to different observational sub-
types of gap transients being linked to different progeni-
tors (see Kulkarni & Kasliwal 2009; Kochanek et al. 2012b;
Kashi & Soker 2016; Pastorello & Fraser 2019, for concise re-
views). In Fig. 1 the regions within the peak absolute magni-
tude vs. decay time parameter space that harbor the different fla-
vors of gap transients are indicated, including LBVs, ILRTs and
LRNe. The figure also includes regions of other known transient
populations. LBVs are stars that undergo giant eruptions and dis-
play erratic variability that in some cases may occur immediately
prior to a star exploding as a core-collapse supernova. ILRTs
are commonly linked to super asymptotic giant branch (S-AGB)
stars (Prieto et al. 2008; Thompson et al. 2009; Botticella et al.
2009; Prieto et al. 2009; Kochanek 2011; Adams et al. 2016;
Doherty et al. 2017) that undergo a weak terminal explosion
induced via an electron-capture collapse (Miyaji et al. 1980;
Nomoto 1984; Miyaji & Nomoto 1987; Hashimoto et al. 1993;
Kitaura et al. 2006; Poelarends et al. 2008). Other models have
also been presented to account for ILRTs. For example, it
has been proposed that ILRTs are associated with moder-
ately massive (∼ 20 M⊙) stars embedded in a dusty environ-
ment that experience outbursts driven by super-Eddingtonwinds
(e.g., Smith et al. 2009; Humphreys et al. 2011). Alternatively,
Kashi et al. (2010) presented a model for ILRTs being powered
by the gravitational energy release following the accretion of
matter from an AGB star onto a main sequence or more com-
pact companion.
Finally, LRNe may be linked to massive contact binary sys-
tems (e.g. Blagorodnova et al. 2017) that undergo a common en-
velope ejection while the two stars merge (Smith et al. 2016;
Lipunov et al. 2017; Mauerhan et al. 2018). This scenario is the
massive star version of common envelope ejections associated
with less massive stars producing red novae with double peak
light curves. Today it remains a matter of open debate whether
or not the merger process driving LRNe ends in the coalesce of
a single star, a weak SN explosion, or even both depending on
the masses and pre-SN mass-loss histories (see Pastorello et al.
2019, for a detailed discussion).
Given that there are only a relatively small number of gap
transients that have been studied in the literature, we present over
two papers a detailed study of two gap transients observed by
the Carnegie Supernova Project (CSP-II; Phillips et al. 2019).
These objects, designated SNhunt120 and AT 2014ej, are both
plotted in Fig. 1 along with the handful of other well-observed
LRNe and ILRTs from the literature. Inspection of the figure
reveals that SNhunt120 is located within the ILRTs gap transient
region, and AT 2014ej is located within the LRNe gap transient
region.
Due to the amount of data obtained for both objects and
our extended analysis, we elect to split our study of SNhunt120
and AT 2014ej into separate papers. Here in Paper 1 we focus
on SNhunt120, while in the companion paper (Stritzinger et al.
2020c; hereafter Paper 2) we focus on AT 2014ej. In addition
to CSP-II data presented here in Paper 1, we also make use of
early data obtained by the La Silla-Quest (LSQ) low-redshift
supernova survey (Baltay et al. 2013) to estimate SNhunt120’s
outburst time. Our analysis presented below also makes use of
optical photometry previously presented by Bond (2018), two-
channel Spitzer Space Telescope images spread over a 1000
days, and pre-explosion Hubble Space Telescope (HST) images
of the host-galaxy NGC 5775.
2. SNhunt120
2.1. Discovery, distance, and reddening
SNhunt120 – also known as PSN J1453595+0334049 and
LSQ12brd – was discovered by the Catalina Sky Survey (CSS)
on 27.49 March 2012 UT (Howerton et al. 2012) in NGC 5775
with an apparent V -band magnitudemV = 18.7 mag. The tran-
sient was not detected in CSS images taken on 17.39March 2012
UT down to a limiting magnitudemV > 19.5. We have also re-
covered the transient in an LSQ image obtained on 27.30 March
2012 UT with an apparent gr-band magnitude of 18.95.
A spectrum obtained on 28.16 March 2012 UT with the 2.5-
m du Pont (+WFCCD) telescope at Las Campanas Observatory
(LCO), and reported by Howerton et al. (2012), exhibits Balmer
emission lines, and both allowed and forbidden Ca II features.
Furthermore, the Hβ λ4861 and Hα λ6563 Balmer lines are
characterized by FWHM (full-width-half-maximum) velocities
of vFWHM ∼ 650 km s
−1. These characteristics, along with
the fact that the transient reached an absolute V -band mag-
nitude MV ≈ −13.9 mag, led Howerton et al. (2012) to
identify it as a possible gap transient similar to SN 2008S
(Botticella et al. 2009) and NGC 300-2008-OT (Bond et al.
2009; Humphreys et al. 2011).
Berger et al. (2012) reported on the possible detection of a
source at the position of this gap transient in a pre-explosion,
archival HST (+ ACS/F625W) image of NGC 5775, measuring
an apparent magnitude of 25.5-26, and provide corresponding
absolute magnitudes of ∼ −6.1 to −6.6, assuming a distance
of 31 Mpc which is larger than our adopted value. For our dis-
tance value (see below) the absolute magnitude would be be-
tween −4.7 and −5.2 mag.
With J2000 coordinates of α = 14h53m53.s95 and δ =
+03◦34′04.s9, SNhunt120 was located 55′′ west and 85′′ north
from the core of its host NGC 5775 (see the top panel of
Fig. 2 for a finding chart). NGC 5775 is an edge-on, SBc spiral
galaxy and is a member of the Virgo cluster. The NASA/IPAC
Extragalactic Database (NED)1 lists its heliocentric redshift
as z = 0.005607 and also lists over half a dozen different
Tully-Fisher distances from the literature, ranging from 15.9 to
27.0 Mpc (distance moduli from 31.0±0.40 mag to 32.15±0.40
mag). However, as NGC 5775 is a member of the Virgo clus-
ter we opt to use the more precise distance modulus to Virgo of
µ = 31.03±0.14 mag, which is based on a Cepheid calibration
of the Tully-Fisher relation as presented by Tully et al. (2016).
In Appendix A we compute the host redshift and metallicity
using a spectrum of NGC 5775 obtained by the Sloan Digital
Sky Survey, while Appendix B contains details on the Galactic
reddening in the direction of SNhunt120 and our estimate of its
host-galaxy reddening. In short, in the work presented below we
adopted a total visual-extinction of AtotV = 0.76± 0.25 mag.
1
http://ned.ipac.caltech.edu
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2.2. Observations
The CSP-II obtained twenty-two epochs of ugriBV -band im-
ages of SNhunt120 with the Swope (+ CCD camera) telescope
located at LCO extending between +2 to +46 days (d) past
first detection. Two epochs of Y JH-band NIR photometry were
obtained with the du Pont (+ RetroCam; Hamuy et al. 2006)
telescope on +16 d and +37 d, while two epochs of Y -band
photometry were obtained nearly a day apart on +153 d and
+154 d. A single J-band observation was also obtained a day
later. The raw data were reduced using standard CSP-I pipelines
as described in detail by Krisciunas et al. (2017) and references
therein. Prior to computing photometry, deep host-galaxy tem-
plate images were subtracted from all of the optical science im-
ages, but not for the NIR science images due to a lack of template
images.
Photometry of SNhunt120 was computed relative to a lo-
cal sequence of stars calibrated with respect to optical and NIR
standard star fields observed over a minimum of three photo-
metric nights. The optical photometry of these stars in the ‘stan-
dard’ system is presented in Table 1, while NIR photometry of a
smaller set of stars in the ‘standard’ system is given in Table 2.
Finally, our optical and NIR photometry of SNhunt120 in the
CSP-II ‘natural’ photometric systems are listed in Table 3 and
Table 4, respectively.
The La Silla Quest (LSQ) survey observed NGC 5775 mul-
tiple times over a several year period, and we are able to identify
SNhunt120 in seventeen epochs of LSQ gr-band imaging. Prior
to computing photometry of SNhunt120 from these images, a
deep galaxy template image was constructed from a series of
fifteen LSQ images obtained prior to discovery. After subtract-
ing the template image from the science images, point spread
function (PSF)-fitting photometry of SNhunt120 was computed
relative to the V -band magnitude of a single, bright star in the
field of NGC 5775, which is calibrated by the CSP-II data and
designated with ID of 3 (see below). Following Contreras et al.
(2018, see their Fig. 23), PSF photometry was computed from
the LSQ gr-band images and calibrated relative to the Swope
natural V -band photometric system. The LSQ photometry is
listed in Table 5.
A search of the Spitzer data archive reveals images were ob-
tained of SNhunt120 over several epochs with the 3.6 µm and
4.5 µm channels. Specifically, the transient was detected dur-
ing two early epochs (+28 d and +39 d), and also at late times
on +1155 d. Fully reduced stacked images were downloaded
from the Spitzer archive. PSF photometry was computed with
a pipeline developed in Matlab and the results are listed in
Table 6. These fluxes are used below to construct spectral en-
ergy distributions (SEDs) for SNhunt120 extending from the at-
mospheric cutoff out to 4.5 µm.
Turning to spectroscopy of SNhunt120, two epochs of
visual-wavelength observations are presented. This includes the
classification spectrum and a followup spectrum taken by the
CSP-II. These are complemented with two epochs of NIR spec-
troscopy also obtained by the CSP-II, which to our knowledge
represent the first NIR spectra published of an ILRT. A sum-
mary of these observations is provided in the log of spectro-
scopic observations in Table 7. The visual-wavelength spec-
tra were obtained with the du Pont (+ WFCCD) telescope on
+0.9 d and +35.7 d post discovery, while the NIR spectra
were taken with the Magellan Baade (+ FIRE) telescope on
+11.9 d and +40.7 d. The optical data were reduced follow-
ing standard methods as described in Hamuy et al. (2006) and
Krisciunas et al. (2017) and the NIR reductions following the
prescription of Hsiao et al. (2019).
3. Results
3.1. Photometry, explosion epoch, intrinsic broadband
colors, and spectral energy distributions
First we examine the discovery and early followup photome-
try of SNhunt120 obtained by CSP-II, LSQ, CSS, and Bond
(2018) and plotted in Fig. 3. Over-plotted the photometry is the
best-fit power-law function fit to the first six epochs of observa-
tions, characterized by a power-law index of α = 0.57 ± 0.20.
Extrapolating to zero flux provides an explosion epoch on JD–
2456012.58 ± 0.95, which is 1.25 days prior to the first LSQ
detection.
Now we proceed to examine the full set of broadband pho-
tometry obtained for SNhunt120. Optical (ugriBV ) and NIR
(Y JH) light curves of SNhunt120 are plotted in Fig. 4. The op-
tical light curves of SNhunt120 exhibit a ∼0.5 mag rise to max-
imum over the first week of evolution covered by our observa-
tions. Upon reaching maximum the optical light curves declined
by ≈ 1.0 mag over the period of a month.
At maximum SNhunt120 reached an apparent magnitude of
mV = 17.78± 0.01mag, which when corrected for the adopted
extinction using a standard reddening law and distance, corre-
sponds to an absolute magnitude ofMV = −14.03±0.29 mag.
Here the accompanying uncertainty is computed by adding in
quadrature the uncertainties on AhostV and on the adopted dis-
tance. A summary of peak apparent and absolute peak mag-
nitudes for each of the optical bands is listed in Table 8. The
peaks were obtained by fitting low-order polynomials to the light
curves, and these polynomials are plotted in Fig. 4. Due to the
uncertain reddening estimate, peak magnitudes are listed with
and without host reddening corrections applied. Inspection of
the values listed in Table 8 indicates that the optical light curves
all peaked within a day of each other and that the various peak
absolute magnitudes exhibit ∼ 0.7 mag in scatter, with the u
band being the faintest (i.e.,Mu = −13.43± 0.29 mag) and the
r band the brightest (i.e.,Mr = −14.12± 0.29 mag).
Plotted in Fig. 5 are the intrinsic (B − V )0, (V − r)0, and
(r− i)0 broadband colors of SNhunt120. Also shown are the in-
trinsic broadband colors of the well-observed ILRTs M85-2006-
OT1 (Kulkarni et al. 2007; Pastorello et al. 2007), SN 2008S
(Botticella et al. 2009), NGC 300-2008-OT1 (Bond et al. 2009),
PTF10fqs (Kasliwal et al. 2011), AT 2017be (Cai et al. 2018),
and AT 2019abn (Jencson et al. 2019; Williams et al. 2020).
The photometry of SNhunt120, M85-OT2006-1, SN 2008S,
NGC 300-2008-OT1, PTF10fqs, AT 2017be, AT 2018hso, and
AT 2019abn were corrected for reddening adopting the E(B −
V )tot values listed in Table 9. The host extinction of SNhunt120,
as discussed in Appendix B, was assumed to be AhostV =
0.64 mag in order to match the color curves of the bluest ob-
jects of the comparison sample. Over the first days of evolu-
tion, while SNhunt120 increases in brightness, its optical col-
ors evolve towards the blue, and this behavior is most apparent
in SNhunt120 (and AT 2017be albiet with larger error) among
the other ILRTs, whose multi-band observations start later than
SNhunt120 (for NGC 300-2008-OT1 about 20 days after first
detection, see Bond et al. 2009). Upon reaching maximum, the
colors of SNhunt120 transition and evolve to the red as the object
continues to expand and cool. The overall evolution of the ILRTs
are similar, however PTF10fqs and M85-2006-OT1 exhibit red-
der (r − i)0 and/or (R − I)0 colors than the other objects, and
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the (B − V )0 of AT 2017be is redder than SNhunt120 and the
other objects.
We now proceed to use the broadband photometry of
SNhunt120 to construct SEDs and then fit them with black-body
(BB) functions, in order to estimate the BB luminosity (LhotBB),
a BB-radius (RhotBB) and BB-temperature (T
hot
BB) evolution over
time. To do so, the broadband magnitudes in the Swope natu-
ral system are transformed to AB magnitudes (Krisciunas et al.
2017), corrected for extinction, and then converted to monochro-
matic fluxes at the effective wavelengths of each passband. The
resulting SEDs and their corresponding best-fit BB functions
(red lines) are plotted in the left panel of Fig. 6, while the right
panels display the temporal evolution (from top to bottom) of
LhotBB , T
hot
BB , and R
hot
BB . To complement our analysis, SEDs are
also plotted (dashed lines) based on photometry published by
Bond (2018). To facilitate comparison the Bond data was shifted
to match the CSP-II photometry through the use of a single ad-
ditive constant for each bandpass.
Inspection of the BB parameter profiles reveals the T hotBB in-
creases as the light curve rises to peak, with T hotBB reaching a
maximum value of ∼8700 K. Subsequently, as the luminosity
declines T hotBB also declines, reaching a . 6000 K at +50 d,
whereupon it follows a plateau. At early times, the BB radius
is on the order of 2.0×1014 cm and declines until+30 d, where-
upon it increases over a three week period before settling onto a
plateau phase. The comparison between the bolometric quanti-
ties derived from the CSP-II data (red diamonds) and those from
the Bond data (black empty diamonds), reveal the effect of in-
cluding u band in the SEDs, which is only available in the CSP-II
data. The luminosity is effectively identical, but the temperature
is slightly overestimated by ∼500–1000 K when the u band is
excluded.
Expanding redwards, beyond the optical and NIR wave-
lengths, we also consider the two-channel Spitzer imaging
shown in Fig .7 (top panel). Through linear interpolation of the
corresponding photometry we obtain a measure of SNhunt120’s
mid-infrared (MIR) brightness on +36.8 d, when photometry is
available in all bands. Our early-time, extended SED is shown
in Fig. 7 (middle panel). Inspection of the SED indicates a
MIR excess above the flux reproduced by a single BB fit
(blue dashed line) characterized by the temperature T hotBB
shown in Fig. 6. This MIR excess can be reproduced by
another, warm BB component. However, its temperature is
characterized by a large uncertainty due to the very low flux
of this warm component compared to the hot one. Finally,
in the bottom panel of Fig. 7 we fit the late-phase +1155 d
Spitzer photometry with a single BB component characterized
by TwarmBB = 577 K. We note that there may be legitimate con-
cerns in estimating TwarmBB and R
warm
BB from BB fits if the un-
derlying SED containedwithin the wavelength intervals sampled
by the Spitzer flux points include prominent emission or absorp-
tion features. However, these concerns are somewhat alleviated
when we consider that MIR spectroscopic observations of the
ILRT NGC 300-2008-OT published by Ohsawa et al. (2010) re-
veal a MIR SED consistent with a smooth continuum lacking
prominent emission/absorption features.
3.2. Spectroscopy
The two epochs of visual-wavelength and NIR spectroscopy of
SNhunt120 are plotted in Fig. 8, and have had their flux calibra-
tion scaled to be consistent with the observed broadband pho-
tometry. The optical spectra consist of a continuum with super-
imposed Balmer emission lines (Hα, Hβ, Hγ) and the [Ca ii]
λλ7291, 7324 doublet. In addition, the spectra exhibit absorp-
tion features of Na i D, Ca ii H&K, and the Ca ii NIR triplet.
Turning to the NIR spectra, these are to our knowledge the first
of an ILRT published to date. These spectra exhibit a handful
of prominent features including emission lines arising from the
Paschen series: Pδ, Pγ, and Pβ. In the second NIR spectrum
(+41 d) a narrow emission feature emerges just bluewards of
the Pγ feature, which is likely He I λ10830. None of the features
exhibited in these spectra show convincing evidence of P-Cygni
absorption profiles. The BB fit to the spectra in the NIR shows
a possible excess above 2 µm, compatible with the excess ob-
served in Fig. 7 where we also make use of MIR photometry.
To determine the velocity associated with the gas produc-
ing the most prominent emission features, we fit the emission
profiles with a Lorentzian function, yielding a measurement
of the FWHM (full-width-half-maximum) velocity (hereafter
vFWHM ). We corrected the measured width of the lines by the
spectral resolution to infer the value of vFWHM (see Sect. 4.3 in
Cai et al. 2018). In fact, some of these velocities are comparable
to the instrumental resolution (∼400 km s−1 in the optical and
∼600–700 km s−1 in the NIR).
Plotted in Fig. 9 are the emission features of Hβ, Hα, the
[Ca ii] doublets, the Ca ii NIR triplet, He I λ10830, Pγ and Pβ.
Each panel contains the data of one of these features (black
lines) in velocity space, along with their best-fit Lorentzian pro-
file (red lines). The vFWHM (corrected for the spectral resolu-
tion) of each fit is listed in each panel and as well summarized
in Table 10.
Comparison of the various line profile fits in the first spec-
trum reveals non-negligible difference among the two prevalent
Balmer lines. In particular, the Hβ feature exhibits a vFWHM
that is a factor of ≈2 higher compared to that measured for
Hα, while the Paschcen lines exhibit velocities more consis-
tent withHβ. To explain this discrepancy withHα, we perform
pseudo-equvialent-witdh (pEW) measurements in order to esti-
mate the Hα to Hβ pEW ratio. With pEW values of −53.02 A˚
and −18.75 A˚ for Hα and Hβ, respectively, we obtain a Hα
to Hβ pEW ratio of 2.83. This value is fully consistent with
the ratio 2.86 for Case A recombination (Osterbrock 1989). The
Pβ/Hβ and Pγ/Hβ ratios are high, indicating that the density
is above the critical density for these high excitation lines.
The observed velocity difference is likely due to the suppres-
sion of the red line wing, due to occultation effects commonly
observed in stellar winds (see e.g., Ignace 2016, and references
therein). The line profiles are quite symmetric, which likely indi-
cates optically thick lines in a homologous velocity field (Ignace
2016, see their Fig. 8). However, it is also possible that we see
rotational broadening from material that was in Keplerian orbits
with v =
√
GM
r
, likely related to an accretion disk. If this mate-
rial were ejected by a shock, it is possible that the conservation of
angular momentumwould lead to conservation of angular veloc-
ity. We consider this idea plausible, but suspect that the former
of optically thick lines in a homologous flow is more probable.
We conclude here with a few words on the presence of he-
lium. The visual-wavelength spectra of SNhunt120 shown in
Fig. 8 lack any discernible features associated with He I lines.
However, as pointed out above, we do link a feature in the
+41 d NIR spectrum of SNhunt120 to He I λ10830 (see Fig. 9).
Evidence for He I lines was previously documented in a se-
ries of high-dispersion, visual-wavelength spectra of the ILRT
NGC 300-2008-OT (Berger et al. 2009) so its presence is not
unprecedented, and He I λ10830 was also documented in NIR
4
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spectra of NGC 300-2008-OT (Valerin 2019). The presence of
helium could be an indication of a helium-rich envelope be-
ing formed through a second dredge-up phase (see Sect. 4.2.3).
However, at +40 d the TBB is 6,000 K (see Fig. 6, right panel),
which is too cool to excite He I lines, and therefore any signa-
tures of helium are likely due to circumstellar interaction (CSI)
and not necessarily due to a high helium abundance.
3.3. Progenitor constraints
Given the distance of SNhunt120, we cannot reach the expected
magnitude level of the various progenitor types as was done for
example with SN 2008S (e.g., Botticella et al. 2009). In particu-
lar, the low resolution of Spitzer (+ IRAC) precludes any attempt
to detect the progenitor in the MIR. We searched public archives
for images obtained with ground-based telescopes, but were un-
able to locate any suitable NIR images; we note that UKIRT (+
WFCAM) images of NGC 5775 are too shallow to be useful.
In order to study the physics of the progenitor we turn to a set
of HST (+ ACS) images taken on 21 August 2005. NGC 5775
was observed with the F625W filter (approximately equivalent
to Sloan r band) for 4×573 s and with the F658N filter (6848 s
total split across 12 exposures). To determine the location of
SNhunt120 on these data a series of 23 Swope i-band images
were used to identified 17 sources common with the HST (+
ACS) F625W filter image.
We take the average of the transformed positions of
SNhunt120 as determined from each of the Swope images as
our best estimate of the progenitor location on the pre-discovery
image, which is plotted in Fig. 10. This exercise provides an
x,y pixel coordinate for SNhunt120 of 3605.77 ± 2.35 and
1018.15± 2.29 (indicated in Fig 10 with a dashed circle). Here
the uncertainties reflect the standard deviation among the trans-
formed positions.
Using DOLPHOT, a dedicated package for HST photom-
etry2, we performed PSF photometry on the F625W images.
DOLPHOT detected over 50 sources above a 3-sigma signifi-
cance and a single source that is somewhat consistent with the
transformed location of SNhunt120. The position of sources de-
tected with significance are indicated in Fig. 10 with red squares,
while the source (detected with a 17-sigma significance) near-
est the expected location of SNhunt120 is marked with a green
square and denoted with an A. Source A is 3 pixels offset, or
0.′′15 from the center of the dashed circle and has an apparent
F625W magnitude of mF625W = 25.89 ± 0.06 in the HST
flight system (VEGAMAGs). In addition, a lower significance
(4.1-sigma) source is also detected 3.3 pixels from the cen-
ter of the circle and is denoted source B with a brightness of
mF625W = 27.56± 0.28 mag.
Finally, we consider the possibility that the progenitor of
SNhunt120 was not detected in the ACS image. In order to de-
termine the limiting magnitude, we select a 4′′ region surround-
ing the transient where the background and source density was
comparable to that at the progenitor position. A comparison of
the apparent F625W magnitudes of the extracted sources vs.
their signal-to-noise ratios, reveals a clear peak in the density of
sources atmF625W = 27mag. This value is adopted as a conser-
vative limiting magnitude. This limiting magnitude is shallower
than the detection of source A and it implicitly accounts for re-
alistic possibilities such as two closely blended sources, or local
areas of high background.
2
http://americano.dolphinsim.com/dolphot/
In the absence of a high-resolution image of the host
NGC 5775, we cannot draw strong conclusions from this analy-
sis. If the source denoted A is the progenitor, then it has an ab-
solute magnitude of −4.13±0.04 mag for our adopted distance
and extinction. Otherwise, we set an upper limit to the progenitor
absolute magnitude of F625W > −4.7 ± 0.3 mag (where the
uncertainty is due to distance and extinction). Of course, addi-
tional circumstellar extinction would serve to mask the progeni-
tor in the optical bands, and so without NIR or MIR data we are
unable to provide firm conclusions.
4. Discussion
4.1. Comparison of SNhunt120 to other intermediate
luminosity red transients
Plotted in Fig. 11 are the+0.9 d and+35.7 d visual-wavelength
spectra of SNhunt120 compared to a +10.5 d spectrum of
AT 2017be, a +16.9 d spectrum of PTF10fqs, a previously
unpublished +36 d spectrum of NGC 300-2008-OT1, and a
+39.2 d spectrum of SN 2008S. All of these spectra were cor-
rected for the MW and host reddening. The spectra of these ob-
jects are broadly similar and display the same spectral features
(see Sect. 3.2) at similar velocities. Inspection of Fig. 11 reveals
conspicuous Hβ and Hα Balmer emission features, as well as
features attributed to forbidden [Ca II] λλ7291, 7324 doublet,
the Ca II NIR triplet, and Ca II H&K. Some differences are how-
ever apparent, namely PTF10fqs and NGC 300-OT-1 both ex-
hibit redder continua compared to the other objects and both also
exhibit weaker features at the blue end of their spectra.
In Fig. 12 we compare the absolute magnitude light curves
of SNhunt120 with those of M85 2006-OT1, SN 2008S,
NGC 300-2008-OT1, PTF10fqs, AT 2017be, AT 2018hso, and
AT 2019abn. The plotted photometry of these objects has all
been corrected for reddening and placed on the absolute flux
scale adopting the values reported in Table. 9 for total color ex-
cess and distance modulus. The majority of these events exhibit
a rise to a maximum value typically within their first two weeks
of evolution, and overall they also exhibit similar light-curve de-
cline rates post maximum. Interestingly, SNhunt120 is as bright
as SN 2008S in all the optical bands. Quantitatively, from com-
parison of SNhunt120 to other ILRTS we find that it is ∼ 2 mag
brighter than the faintest objects M85 2006-OT1, PTF10fqs and
AT 2017be, and around a magnitude fainter than AT 2019abn
(Jencson et al. 2019; Williams et al. 2020), the brightest ILRT
observed to date.
A common characteristic among well-observed ILRTs, for
example SN 2008S (Botticella et al. 2009), NGC 300-2008-OT
(Prieto et al. 2009; Kochanek 2011), and AT 2017be (Cai et al.
2018), and indeed the reason that they are so named, is their
emission at red wavelengths. According to Kochanek (2011), the
progenitor stars that explode and give rise to these objects could
possibly be cool, red supergiants of about 9 M⊙ making them
among the most massive AGB stars and are hence referred to as
super-AGB stars. Such stars are enshrouded in thick dusty stel-
lar winds capable of absorbing even the X-rays produced from
the SN shock breakout whose energy is then re-emitted by the
dust. Given the densities of these winds dust can reform rapidly
even when destroyed by the SN radiation field (Kochanek 2011).
When considering broadband observations of SN 2008S extend-
ing through MIR wavelengths, Botticella et al. (2009, see their
Figs. 6 and 7) documented a double BB SED present as early
as +17.3 d after explosion. The first ‘hot’ BB component repro-
duces emission over the optical wavelengths and is character-
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ized by a BB temperature of T hotBB ∼ 8100 K, while the second
component reproduces the far-NIR throughMIR emission and is
characterized by TwarmBB ∼ 600 K.
Similarly, the Spitzer MIR photometry of SNhunt120 plot-
ted in Fig. 7, also suggests a second BB component at both early
and late epochs characterized by TwarmBB values of ≈ 800 K
and ≈ 600 K, respectively. We convert the Spitzer 4.5 µm flux-
point values to luminosity using our adopted distance to the host-
galaxy NGC 5775 (see Sect. 2.1). Using the 4.5 µm flux value at
early times computed by interpolating from the first two Spitzer
observations to +36.8 d we obtain a L4.5µm value of 1.2 × 10
6
L⊙, and 4.2 × 10
5 L⊙ on +1155 d. For comparison, at early
times SNhunt120 and SN 2008S exhibit similar MIR luminos-
ity, while at late phases SNhunt120 appears to be around three
times brighter. (Adams et al. 2016).
Finally, we note that the BB radius evolution of SNhunt120
is rather constant, similar to other ILRTs (see Fig.4 in Cai et al.
2019) and not consistent with that typically exhibited by LRNe,
where the BB radius tends to increase significantly in size over
time (see Paper 2).
4.2. In context with electron-capture supernovae
4.2.1. Comparison of UVOIR light curves of ILRTs to EC
SN models
Massive stars with zero-age-main-sequence (ZAMS) masses &
10M⊙ produce degenerate Fe-rich cores that drive the collapse
of their inner cores. Depending on the ZAMS mass such stars
follow one of two paths to their demise. Along one path during
core collapse a neutron star is formed and subsequently a su-
pernova is produced. Alternatively, certain ZAMS mass ranges
may follow a second path where their gravitational potential
is so great it is able to overcome the nuclear forces within
the proto-NS core and directly collapse to a black hole. Along
this second path the entirety of the star falls back onto the BH
and no supernova is produced. On the other hand, less mas-
sive stars –in the range between ∼ 8-10 M⊙– are expected to
form degenerate Oxygen-Neon-Magnesium (ONeMg) cores as
they evolve through the super asymptotic giant branch (super-
AGB) phase (see Doherty et al. 2017, for a recent review). If
such ONeMg-core stars approach the Chandrasekhar mass they
may experience electron-capture reactions that induce core col-
lapse and the production of low-luminosity electron-capture
(EC) SNe (Miyaji et al. 1980; Nomoto 1984; Hillebrandt et al.
1984; Miyaji & Nomoto 1987; Nomoto 1987) and neutron star
remnants. An alternative hypothesis is that rather than suffering
an electron-capture induced collapse, such ONeMg-core stars
could experience a partial thermonuclear explosion, leading to
the formation of a ONeFe white dwarf (Jones et al. 2016, 2019;
Kirsebom et al. 2019; Tauris & Janka 2019).
A number of studies have suggested a link between ILRTs
and EC SNe (Botticella et al. 2009; Thompson et al. 2009;
Prieto et al. 2009; Pumo et al. 2009; Kawabata et al. 2010). In
what follows we examine the UVOIR light curve of SNhunt120
in relation to the comparison sample of ILRTs, as well to two EC
SN modeled light curves that exclude and include CSI. This is
followed by Sect. 4.2.2 where an effort to measure the expected
ZAMS mass range of stars that could be the progenitors of EC
SNe is presented, followed by Sect. 4.2.3 containing a short dis-
cussion on the possibility that SNhunt120 had a binary origin.
In Fig. 13 the UVOIR light curve of SNhunt120 is compared
with those of our ILRT comparison sample and to synthetic light
curves calculated by Moriya et al. (2014a). These synthetic light
curves combine the EC SN models presented by Tominaga et al.
(2013) with radiative transfer calculations accounting for emis-
sion produced from CSI. It is reasonable to expect CSI to con-
tribute to the overall energy emission budget in at least some
super-AGB stars as they are commonly enshrouded in dense
CSM (see Doherty et al. 2017). We note however that there are
a number of factors that influence the post-carbon burning evo-
lution and hence the circumstellar environment, including: the
initial mass and the composition, the pre-explosion mass-loss
history, and the core growth efficiency (e.g., Pumo et al. 2009;
Doherty et al. 2017), so caution does apply to this particular
comparison.
Inspection of Fig. 13 reveals that, consistent with
the absolute-magnitude light-curve comparisons in Fig. 12,
SNhunt120 lies at the bright end of the peak luminosity distri-
bution. Indeed, at peak SNhunt120 is as bright as SN 2008S,
which until the recent discovery of AT 2019abn (Jencson et al.
2019; Williams et al. 2020) was the record holder for being the
brightest ILRT. Compared to the faintest ILRTs, SNhunt120 and
SN 2008S are a factor of ∼10 more luminous, with the added
caveat that there could perhaps be even fainter ILRTs which have
remained undiscovered due to selection biases. These findings
follow to what is demonstrated in Fig. 1, which also provides
a perspective on where ILRTs and LRNe classes lie within the
peak luminosity vs. decay time parameter space.
Returning to the EC SN synthetic light curve models pre-
sented by Moriya et al. (2014a) and plotted in Fig. 13, these
two models (with and without CSI) reach peak luminosities of
log10(Lpeak) ≈ 42.1 erg s
−1, making them approximately a fac-
tor of ∼15 brighter than SNhunt120 and SN 2008S. Although
the explosion energy is predicted to be low (around 1050 erg)
in EC SNe (Kitaura et al. 2006), the early bright luminosity in
the EC SN light curve model is caused by the extended envelope
and small envelope mass found in super-AGB SN progenitors
(Tominaga et al. 2013). If ILRTs are actually EC SNe, the ex-
plosion energy of EC SNe needs to be∼ 1048 erg or less to have
the lower observed peak luminosity (Tominaga et al. 2013). This
in turn suggests that current EC SN explosion simulations over-
predict the explosion energy. However, in principle, the envelope
mass could be as much as a factor of 2–3 times higher than what
was assumed in the Tominaga et al. (2013) and Moriya et al.
(2014a) models. If this is indeed the case one could expect the
peak luminosity to be affected and therefore this should also be
considered in future modelling efforts.
4.2.2. The mass range of EC SN progenitors
The expected range of ZAMS masses of isolated stars produc-
ing EC SNe is expected to be rather confined and, depending
on metallicity, of order 0.1 − 0.2 M⊙ (Doherty et al. 2017,
and references therein). However, within a ZAMS interval of
roughly 8−11M⊙ (Jones et al. 2013, 2014; Doherty et al. 2015;
Woosley & Heger 2015), the exact location of this confined pa-
rameter space for EC SN progenitors could be shifted by 1.5 −
2.5M⊙, depending on the metallicity and core convective over-
shooting (e.g., Siess & Pumo 2006; Siess 2007; Poelarends et al.
2008).
Assuming a Salpeter initial mass function (IMF) with iso-
lated single stars as progenitors, we can compute the expected
range of ZAMS masses for the progenitors of EC SNe given the
known observed fraction of 2008S-like events relative to the rate
of core collapse SNe (10%–20%, from Thompson et al. 2009).
Note that this is probably too large as a value given that ILRTs
and LRNe were not considered separate objects at the time of
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Thompson et al. (2009)’s paper. If the lowest ZAMS mass to
produce an EC SN is 8.5M⊙, then the largest ZAMS mass will
be between 9.1 and 9.7 M⊙, assuming a Salpeter initial mass
function (IMF) with isolated single stars as progenitors.
On the other hand, assuming that the lowest ZAMS mass
of a progenitor star to produce an EC SN is 8.0 M⊙, then the
largest ZAMS mass will range between 8.6 − 9.1 M⊙. Finally,
if we assume a lower ratio of EC SNe over CC SNe, e.g. 5%
as discussed in Botticella et al. (2009), the range of progenitor
masses would be 8.0–8.3M⊙ or 8.5–8.8M⊙ depending on the
assumption on the lowest ZAMS mass.
In similar vein, taking the mass range of the EC SN chan-
nel from Poelarends (2007) and weighting it with a Salpeter
IMF, Doherty et al. (2017) estimated that the EC SN contribu-
tion to the overall core-collapse SN rate is 5%, 17% and 38%
of all Type IIP SNe for metallicities Z = 0.02, 0.001 and
10−5, respectively, when assuming the maximum mass for a
Type IIP SN is 18 M⊙, based on the analysis of SN observa-
tions by Smartt (2015). In comparison with our estimate above
we find good agreement with their result for Z = 0.001. These
results are, however, in contrast to findings of Doherty et al.
(2017). Specifically, when using the results from Doherty et al.
(2015) over these same metallicities, Doherty et al. (2017) cal-
culate a far smaller percentage, down to as little as 2–5% of all
Type IIP SNe progenitors will lead to a EC SNe. The main rea-
son for the variation in frequency of EC SNe is in large part due
to the uncertainty in constraining the mass-loss rate of stars at
low metallicity. Moreover, the EC SN candidates found in the
local Universe (including AT 2014ej) are all at approximately
solar metallicity.
4.2.3. A binary origin for SNhunt120?
It has previously been demonstrated that the width of the
initial mass range for producing EC SNe is smaller in sin-
gle stars compared to binary stars in non-degenerate systems
(Podsiadlowski et al. 2004; Poelarends et al. 2008). The reason
for this effect is that the presence in a binary can dramatically
affect the structure of the core of a massive star at the time of
core collapse. Stars above ∼ 11 M⊙ are generally expected to
have smaller iron cores if they lose their envelopes in a close bi-
nary. Stars in the range of 8 − 11 M⊙ may explode as EC SNe
if they are located in a close binary, while stars in wide bina-
ries or single stars will experience a second dredge-up phase and
are more likely to end their evolution as ONeMg white dwarfs.
Indeed, Podsiadlowski et al. (2004) argued that the minimum
initial mass of a massive single star that becomes a neutron star
may be as high as 10 − 12 M⊙, while for close binaries it may
be as low as 6 − 8 M⊙. These critical masses depend on the
applied input physics. This includes the treatment of convection,
the amount of convective overshooting, and the metallicity of
the star, and will generally be lower for larger amounts of con-
vective overshooting and lower metallicity (Podsiadlowski et al.
2004; Siess & Pumo 2006).
Although a large fraction of main-sequence massive stars
are found in close binaries (Sana et al. 2012), the hydrogen-rich
spectra of SNhunt120 points to an isolated, or wide-orbit, pro-
genitor star. In contrast, SN Ibn progenitors have lost their hy-
drogen (and also part of their helium) envelopes and are embed-
ded in dense, helium-rich CSM, giving rise to narrow helium
spectral features that appear in visual-wavelength spectra (e.g.,
Hosseinzadeh et al. 2017).
5. Conclusion
In this study we have added to the growing populations of in-
termediate luminosity red transients (ILRTs). Here in Paper I
we considered SNhunt120, a gap transient discovered within
days of its inferred explosion epoch and exhibiting many obser-
vational properties consistent with those of other well-studied
ILRTs, including a MIR excess extending from early to late
phases. Reaching a r-band peak magnitude of −15.05 mag
and exhibiting a decay time of 44 days, SNhunt120 is among
the brightest and fastest evolving ILRTs observed to date (see
Fig. 1). Furthermore, comparison of the UVOIR light curves of
SNhunt120 and other ILRTs to current electron capture (EC) SN
simulations reveals that the models over-predict the explosion
energy and this should be considered in future modeling efforts.
We now proceed to Paper 2 where we present a close examina-
tion of the luminous red nova designated AT 2014ej.
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Fig. 1. Absolute peak r-band magnitude versus decay time (de-
fined as the time taken for the r-band light curve to decline
one magnitude from peak) for optical transients. The figure is
adapted from Kasliwal (2011) and Rau et al. (2009). Peak ab-
solute r-band magnitudes and decay times for the ILRTs and
LRNe are plotted as red circles and magenta squares, respec-
tively. The LRN AT 2014ej plotted as a magenta triangle is a
lower limit (see Paper 2). The LRNe and ILRTs regions are plot-
ted as dashed lines to highlight the point that the full extent of
the parameter space occupied by each subtype is unknown.
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Fig. 2. Finding chart of NGC 5775 hosting SNhunt120 con-
structed from a single Swope r-band image when the transient
was near maximum brightness. The position of SNhunt120 is
indicated with a dotted circle with a zoom in of the area en-
closed shown in the upper right corner inset. Optical and NIR
local sequence stars are indicated with yellow and red circles,
respectively.
10
Stritzinger, Taddia, Fraser, et al.: CSP-II observations of the ILRT SNhunt120
0 5 10 15
JD - 2456010
-1
0
1
2
3
4
5
6
7
F V
 
[10
-
16
 
er
g 
s-
1  
cm
-
2  
Å-
1 ]
F=F0(t-t0)
0.57
SNhunt120
early V band LC
power-law fit
explosion epoch t0  1
Fig. 3. Early light curve of SNhunt120 plotted with a best-fit,
power-law function (solid line, reduced χ2 = 4.6) to the first ten
epochs (red points) of photometry. The explosion epoch, t0, is
estimated to have occurred on JD+2456012.58±0.95, which is
1.25 days prior to the first-detection epoch. The dashed red line
marks t0 as obtained from the fit, its uncertainty is marked by a
red segment just below the zero flux level.
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Fig. 4. Top: optical uBgV ri-band photometry of SNhunt120
obtained by the CSP-II and gr-band photometry from LSQ. The
light curves cover the rise to maximum and subsequent decline
over a month and a half period. Also plotted are the Catalina Sky
Survey’s (CSS; Howerton et al. 2012) reported V -band discov-
ery magnitude of 18.7 obtained on Mar. 27.49, a CSS V -band
non-detection limit of 19.5 mag obtained from data taken on
Mar. 17.39 UT, and also an unfiltered photometry point obtained
on Mar. 28.07 of 18.5 mag. Over-plotted our photometry as open
symbols areBV RI photometry published by Bond (2018), with
each band shifted by arbitrary constants to match their most
similar CSP-II band. The CSP-II light curves are fit with low-
order polynomials plotted as solid colored lines. Optical spectral
phases are marked by black segments, NIR spectral phases are
marked by red segments. Bottom: as in the top panel, but also
includes the NIR (Y JH) points of SNhunt120.
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Fig. 5. Intrinsic broadband optical color evolution of SNhunt120
compared to the ILRTs: M85-OT2006-1 (Kulkarni et al.
2007; Pastorello et al. 2007), SN 2008S (Botticella et al.
2009), NGC 300-2008-OT1 (Bond et al. 2009), PTF10fqs
(Kasliwal et al. 2011), AT 2017be (Cai et al. 2018), and
AT 2019abn (Williams et al. 2020). The colors have been cor-
rected for reddening adopting the values listed in Sect. 3.1. For
SNhunt120we adoptAhostV = 0.64mag and a Fitzpatrick (1999)
reddening law in order to have its broadband colors match the
colors of the bluest objects in the comparison sample
.
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Fig. 6. Left: spectral energy distributions (SEDs) of SNhunt120
constructed from our optical photometry and complemented
with photometry from Bond (2018). Over-plotted each SED is
the best fit black-body (BB) function, red lines fit to CSP-II data
and black lines fit to Bond data. For clarity, the SEDs have been
shifted by arbitrary constants, and phase of each SED relative
to the epoch of discovery is indicated. Right: corresponding to
the BB fits is the resulting time evolution of the BB-luminosity
(top), BB-temperature (middle) and BB-radius (bottom) of the
underlying emission region.
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Fig. 7. Top: Spitzer Space Telescope images of SNhunt120 ob-
tained on+28 d,+39 d and+1155 d at 3.6 µm and 4.2 µm, with
the position of the transient indicated with a red circle. Bottom:
two panel plot containing SEDs constructed of SNhunt120 at
early- and late-phases, along with BB fits. The early SED is con-
structed with CSP-II photometry taken on +36.8 d and Spitzer
measurements obtained by interpolating betweenmagnitudes es-
timated obtained from +28 d and +39 d images. Over-plotted
the early SED is a BB function fit (blue dashed line) character-
ized by a temperature of T hotBB = 6430± 266 K. The BB repro-
duces the fluxes from u to H band. However, the Spitzer MIR
fluxes are clearly above the flux level of the best BB fit, sug-
gesting the presence of an extra, cooler component. The SED
constructed using the +1155 d Spitzer flux points is fit with a
BB function characterized by TwarmBB ∼ 600 K.
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Fig. 8. Low-resolution visual- (top panel) and NIR-wavelength
(bottom panel) spectra of SNhunt120 in the rest frame. The flux
calibration of each spectrum has been adjusted to match the cor-
responding broadband photometry, and the shown spectra have
been corrected for both Milky Way and host-galaxy extinction.
For presentation the spectra have been separated by the addition
of an arbitrary constant. Best-fit BB functions are over-plotted as
black lines, and phase of each spectrum relative to the discovery
epoch and telescope used to obtain the data are indicated.
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Fig. 9. Prominent spectral features identified in the spectra of
SNhunt120. These including: Hβ, Hα, [Ca II], the Ca II NIR
triplet, He I λ10830, Pγ, and Pβ. Note that here the continuum
of each spectrum has been subtracted using a low-order polyno-
mial fit to the observed data and for presentation purposes the
peak of each line has been normalized to unity. The vertical dot-
ted lines mark the rest velocity position of each ion. Over-plotted
as red lines are Lorentzian line profile fits and corresponding line
velocities, corrected for the resolution, are provided in the sub-
panels and also listed in Table 10. The forbidden [Ca II] lines are
unresolved.
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Fig. 10. Pre-explosion HST (+ ACS) F625W-band image of
NGC 5775. The location of SNhunt120 in the image is high-
lighted with a dashed circle with a radius that corresponds to
the 1-sigma positional uncertainty. No candidate sources are de-
tected within the dashed circle down to a conservative limit-
ing magnitude of mF625W = 27 mag. Green squares indicated
with A and B are two nearby sources discussed in the text. Red
squares are all sources detected by DOLPHOT above a 3-sigma
significance.
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Fig. 11. Comparison of our visual-wavelength spectra of
SNhunt120 with similar phase (since first detection) spectra of
other ILRTs. This includes: AT 2017be on+10.5 d, PTF10fqs on
+16.9 d, NGC 300-2008-OT1 (previously unpublished and ob-
tained by CSP-I) on +36.0 d, and SN 2008S on +39.2 d. Each
of the spectra have been corrected for reddening.
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Fig. 13. Pseudo-bolometric light curve of SNhunt120 compared
to those of our EC SN comparison sample from Cai et al. (2018)
and in addition AT 2019abn (Jencson et al. 2019; Williams et al.
2020). Also plotted are the light curves of two EC SN mod-
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model with (solid line) CSI. Dashed straight line corresponds to
the complete trapping of 56Co→ 56Fe energy deposition.
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Table 1. Photometry of the local sequence for SNhunt120 in the ‘standard’ system.a
ID α (2000) δ (2000) B V u′ g′ r′ i′
1 223.501175 3.554772 . . . . . . . . . . . . . . . . . .
2 223.494568 3.512511 . . . . . . . . . . . . . . . . . .
3 223.450409 3.549971 . . . . . . . . . . . . . . . . . .
4 223.491287 3.578468 16.572(028) 16.018(011) 17.253(048) 16.239(009) 15.847(019) 15.692(010)
5 223.454926 3.543110 16.771(020) 16.082(012) 17.797(071) 16.387(010) 15.892(007) 15.716(010)
6 223.473694 3.598971 17.385(050) 16.734(025) 18.245(055) 17.016(035) 16.567(029) 16.392(021)
7 223.545074 3.513310 17.712(029) 17.034(024) 18.675(033) 17.374(035) 16.854(013) 16.661(024)
8 223.423279 3.524919 18.486(023) 17.988(049) 19.094(043) 18.198(036) 17.827(034) 17.709(060)
9 223.409164 3.544031 18.709(027) 18.131(044) 19.455(207) 18.315(119) 17.930(072) 17.795(068)
10 223.525085 3.558814 19.137(166) 18.274(018) 20.034(082) 18.703(032) 17.994(079) 17.723(096)
11 223.461456 3.557315 19.394(061) 17.967(060) 19.917(172) 18.701(003) 17.397(041) 16.743(016)
12 223.466751 3.512445 19.219(068) 18.595(080) 19.980(066) 18.800(085) 18.276(096) 18.154(070)
13 223.450058 3.525849 19.625(047) 18.460(053) . . . 18.985(028) 17.875(043) 17.522(032)
14 223.413147 3.509561 19.529(075) 18.903(025) 19.950(072) 19.241(025) 18.724(024) 18.467(052)
15 223.500031 3.629244 19.735(062) 18.549(084) . . . 19.149(033) 17.913(043) 17.394(027)
16 223.488373 3.505094 19.659(061) 18.660(035) . . . 19.168(068) 18.195(060) 17.927(074)
17 223.537628 3.636855 19.683(100) 19.045(044) 20.249(094) 19.355(005) 18.847(103) 18.771(035)
18 223.432632 3.621403 19.990(188) 19.316(039) 20.400(132) 19.637(111) 19.189(035) 18.764(062)
19 223.469666 3.623828 19.806(138) 19.236(086) . . . 19.574(057) 18.878(003) 18.537(061)
20 223.407272 3.620129 19.984(091) 19.721(097) 19.100(063) 20.079(100) 19.521(052) 19.187(014)
21 223.508453 3.619909 20.646(152) 19.390(189) . . . 20.051(112) 18.770(084) 18.039(116)
aNote. – Values in parenthesis are 1-σ uncertainties that correspond to the rms of the instrumental errors of the photometry obtained over a
minimum of three nights observed relative to standard star fields.
Table 2. NIR photometry of the local sequences for SNhunt120 in the ‘standard’ system.a
ID α(2000) δ(2000) Y N Jrc2 N H N
101 223.4504 3.549965 13.60(01) 4 13.40(34) 5 12.73(03) 5
102 223.4811 3.582550 13.65(02) 5 13.41(03) 6 13.07(02) 6
103 223.4913 3.578437 15.10(02) 5 14.84(03) 6 14.47(03) 6
104 223.4615 3.557310 15.73(04) 5 15.25(04) 6 14.57(04) 6
105 223.4739 3.598759 15.66(04) 1 15.52(03) 2 15.23(06) 1
106 223.4524 3.570402 16.97(10) 4 16.37(15) 5 15.76(10) 5
107 223.4747 3.582985 17.47(21) 3 17.13(20) 3 16.53(19) 3
aNote. – Values in parenthesis are 1-σ uncertainties and correspond to an rms of the
instrumental errors of the photometry obtained over the number of photometric nights N
that standard star fields were observed.
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Table 3. Optical photometry of SNhunt120 in the Swope ‘natural’ system.a
Time† u Time† B Time† g Time† V Time† r Time† i
15.82 19.386(0.026) 15.80 18.823(0.018) 15.82 18.512(0.015) 15.79 18.247(0.017) 15.81 17.990(0.014) 15.81 17.814(0.016)
16.84 19.201(0.024) 16.86 18.637(0.014) 16.84 18.311(0.011) 16.87 18.062(0.013) 16.85 17.835(0.011) 16.85 17.665(0.013)
17.77 19.068(0.025) 17.75 18.519(0.016) 17.78 18.195(0.013) 17.74 17.972(0.016) 17.76 17.731(0.011) 17.76 17.587(0.017)
19.84 18.875(0.022) 19.85 18.345(0.013) 19.83 18.060(0.009) 19.86 17.855(0.011) 19.83 17.637(0.009) 19.84 17.510(0.009)
20.82 18.810(0.104) 20.80 18.293(0.013) 20.82 18.025(0.009) 20.81 17.820(0.010) 20.83 17.605(0.011) 20.84 17.496(0.010)
21.88 18.786(0.020) 21.84 18.256(0.010) 21.86 17.993(0.008) 21.85 17.808(0.010) 21.86 17.605(0.009) 21.87 17.468(0.009)
22.86 18.752(0.032) 22.84 18.279(0.016) 22.87 17.986(0.010) 22.83 17.792(0.011) 22.86 17.590(0.009) 22.85 17.476(0.009)
23.77 18.773(0.036) 23.75 18.273(0.020) 23.77 17.973(0.013) 23.74 17.794(0.015) 23.76 17.577(0.014) 23.76 17.455(0.015)
24.68 18.730(0.057) 24.69 18.255(0.027) 24.67 17.983(0.018) 24.70 17.800(0.018) 24.68 17.564(0.013) 24.69 17.490(0.013)
25.85 18.846(0.069) 25.83 18.274(0.026) 25.85 17.997(0.019) 25.82 17.774(0.017) 25.84 17.589(0.012) 25.84 17.493(0.012)
28.83 18.846(0.031) 28.80 18.293(0.013) 28.82 18.054(0.011) 28.81 17.865(0.013) 28.82 17.678(0.011) 28.83 17.557(0.009)
· · · · · · 29.80 18.349(0.014) 29.81 18.086(0.010) 29.81 17.904(0.010) 29.83 17.686(0.009) 29.84 17.567(0.010)
34.89 19.151(0.030) 34.87 18.549(0.015) 34.90 18.253(0.010) 34.87 18.057(0.011) 34.89 17.868(0.011) 34.88 17.766(0.011)
35.77 19.153(0.024) 35.75 18.558(0.017) 35.78 18.285(0.012) 35.74 18.090(0.014) 35.77 17.908(0.012) 35.76 17.781(0.014)
36.79 19.209(0.028) 36.77 18.603(0.014) 36.80 18.323(0.011) 36.77 18.138(0.012) 36.79 17.950(0.010) 36.78 17.834(0.014)
37.84 19.244(0.026) 37.82 18.646(0.014) 37.84 18.377(0.010) 37.81 18.179(0.012) 37.83 17.967(0.010) 37.82 17.852(0.011)
47.87 19.871(0.067) 47.85 19.078(0.019) 47.88 18.745(0.014) 47.84 18.459(0.013) 47.86 18.248(0.012) 47.86 18.089(0.014)
50.78 20.125(0.086) 50.76 19.230(0.030) 50.79 18.882(0.020) 50.75 18.546(0.021) 50.77 18.289(0.012) 50.77 18.076(0.015)
· · · · · · 52.75 19.363(0.042) 52.77 18.904(0.023) 52.76 18.629(0.025) 52.78 18.323(0.015) 52.79 18.129(0.015)
53.74 20.105(0.142) 53.70 19.264(0.045) 53.72 18.912(0.027) 53.71 18.646(0.026) 53.73 18.343(0.015) 53.73 18.140(0.016)
55.76 20.394(0.139) 55.78 19.360(0.059) 55.74 19.002(0.030) 55.77 18.682(0.030) 55.75 18.379(0.022) 55.73 18.115(0.026)
59.77 20.773(0.133) 59.79 19.638(0.039) 59.78 19.114(0.016) 59.79 18.782(0.019) 59.78 18.449(0.013) 59.76 18.179(0.014)
aNote. – Values in parenthesis are 1-σ uncertainties corresponding to the sum in quadrature of the instrumental error and the nightly zero-point error.
†Note. – JD+2456000.
Table 4. NIR photometric observations of SNhunt120 in the du Pont (+ RetroCam) ‘natural’ system.a
JD Photometry [mag] error [mag] filter [mag]
2456029.82 17.21 0.02 Y
2456050.74 17.68 0.01 Y
2456050.75 17.70 0.01 Y
2456029.87 16.85 0.02 Jrc2
2456050.78 17.22 0.02 Jrc2
2456050.79 17.20 0.02 Jrc2
2456029.85 16.50 0.02 H
2456050.77 16.75 0.03 H
2456050.77 16.76 0.03 H
aNote. – The uncertainties in photometry correspond to the sum
in quadrature of the instrumental error and the nightly zero-point
error.
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Table 5. LSQ gr-band photometry of SNhunt120 in the Swope ‘natural’ system.
JD V a err
2456013.80 18.951 0.054
2456014.80 18.678 0.108
2456017.79 18.042 0.010
2456018.79 18.001 0.060
2456021.78 17.873 0.017
2456022.78 17.858 0.019
2456024.70 17.850 0.100
2456032.73 18.085 0.012
2456034.85 18.144 0.013
2456036.71 18.237 0.036
2456040.70 18.332 0.019
2456048.62 18.545 0.022
2456050.66 18.511 0.057
2456057.57 18.573 0.140
2456071.50 19.035 0.049
2456075.53 19.377 0.082
2456079.51 19.264 0.079
aNote. – Photometry is com-
puted relative to the V -band mag-
nitude of star with identification
(ID) number 3 in Table 1. To facil-
ities good agreement between the
LSQ gr-band and CSP-II V -band
light curves, a 0.03 mag offset was
added to the CSP-II magnitude of
star 3 as explained in the text.
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Table 6. Spitzer fluxes for SNhunt120.
MJD 3.6 µm 4.5 µm
56041.24 5.60×10−18 ± 2.66× 10−20 3.61×10−18 ± 2.19× 10−20
56052.83 4.95×10−18 ± 2.68× 10−20 3.30×10−18 ± 2.08× 10−20
57168.52 8.90×10−19 ± 1.68× 10−19 1.18×10−18 ± 7.73× 10−21
aNote. – fluxes in erg s−1 A˚−1 cm−2.
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Table 7. Journal of Spectroscopic Observations of SNhunt120.
Object Date Date Days since Telescope Instrument Resolution
(JD) (UT) discoverya (A˚)
SNhunt120 2456014.66 March 28.16 +0.7 du Pont WFCCD 7.5
SNhunt120 2456025.79 April 08.29 +11.8 Baade FIRE 22
SNhunt120 2456049.65 May 02.15 +35.7 du Pont WFCCD 7.5
SNhunt120 2456054.75 May 07.25 +40.8 Baade FIRE 22
aDays since outburst assuming outburst date of 25.15 March 2012 UT (JD−2456011.7.
Table 8. Phase and value of peak absolute magnitudes of SNhunt120.
BandX Phase∗ mX MX Reddening correctedMX
u 9.72±0.4 18.77±0.01 −13.58±0.14 −13.43±0.29
B 10.00±0.2 18.25±0.01 −14.09±0.14 −13.80±0.29
g 9.62±0.2 17.98±0.01 −14.37±0.14 −13.98±0.29
V 9.59±0.2 17.78±0.01 −14.56±0.14 −14.03±0.29
r 9.41±0.2 17.57±0.01 −14.77±0.14 −14.12±0.29
i 9.11±0.2 17.46±0.01 −14.88±0.14 −14.07±0.29
∗Note. – Days since first detection.
Table 9. Adopted color excess values and distance moduli for the ILRT sample compared to SNhunt120.
ILRT µ E(B − V )tot
(mag) (mag)
M85-OT2006-1 31.03 0.14
SN 2008S 31.34 0.69
NGC 300-2008-OT1 28.78 0.40
PTF10fqs 26.37 0.04
AT 2017be 31.15 0.09
AT 2018hso 29.47 0.30
AT 2019abn 31.64 0.85
Table 10. FWHM velocity measurements of prominent spectral features in SNhunt120.
Phasea Hβ Hα Ca II λ8662 He I λ10830 Pγ Pβ
(days) (km s−1) (km s−1) (km s−1) (km s−1) (km s−1) (km s−1)
+1 1362±122 636±21 · · · · · · · · · · · ·
+12 · · · · · · 742±97 · · · 1182± 196 1375±277
+36 690±115 448±17 · · · · · · · · · · · ·
+41 · · · · · · 301±113 1672± 831 · · · 1822± 690
aNote. – Phase with respect to date of discovery.
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Appendix A: Host metallicity
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Fig. A.1. Visual-wavelength spectrum of the nucleus of
NGC 5775 shown in the host-galaxy rest frame (in black), and
the resulting single stellar population synthesis computed by
STARLIGHT (in red). The continuum-subtracted spectrum is
shown in blue, where the most prominent host nebular emission
features have been labelled. The nebular lines shown within the
insets provide flux ratios indicating a metallicity higher than so-
lar of 8.7 ± 0.2 dex on the O3N2 scale at the core of the host.
Adopting the metallicity gradient from Pilyugin et al. (2004) of
−0.47 dex R−125 the metallicity at the position of SNhunt120 is
estimated to be 8.34 dex. If we assume an uncertainty of 0.1
dex R−125 for the gradient, the uncertainty on metallicity at the
SN position would be 0.22 dex.
Plotted in Fig. A.1 is the SDSS spectrum of NGC 5775
with nebular emission lines indicated and labelled. In particular,
emission features associated with Hα, [N II] λ6584 and [S II]
λλ6717,6731 are labelled and fit with a single Gaussian func-
tion in order to obtain a measure of the observed wavelength and
line flux. From these features we compute an average redshift of
z = 0.00583± 0.00005.
The spectrum provides a means to estimate an oxygen
metallicity abundance, albeit with respect to its central re-
gion. To do so, the SDSS spectrum was first fit with a
modified version of STARLIGHT (Cid Fernandes et al. 2005;
Lo´pez Ferna´ndez et al. 2016, priv. comm.), a program that mod-
els the stellar component of the spectral continuumby estimating
the fractional contribution of simple stellar populations (SSP) of
different ages and metallicities, adding a dust attenuation fore-
ground screen. The best-fit SSP model is then removed from the
spectrum and then Gaussian functions are fit to [N II] and [O III]
nebular lines and from these fits we obtain a metallicity higher
than solar of 8.73±0.20 dex on the O3N2 scale (Pettini & Pagel
2004).
As this is an indication for the center region of the host
and not the position of SNhunt120, we extrapolate the galaxy
nucleus value to the approximate location of SNhunt120 us-
ing the metallicity gradient from Pilyugin et al. (2004) of−0.47
dex R−125 . Adopting values for the diameter and position an-
gle for NGC 5775 from NED and Hyperleda (Makarov et al.
2014),3 we compute a radius-normalized distance from the host
3 Hyperleda is a database of various physical properties of galaxies
and can be found at the url: http://leda.univ-lyon1.fr
nucleus of 0.82. Altogether we find a local oxygen abundance
for SNhunt120 of 12 + log(O/H) = 8.34± 0.22 dex, where we
adopt a 0.1 dex R−125 uncertainty on the gradient.
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Appendix B: Galactic and host reddening
NED lists the Galactic reddening along the line-of-sight to
NGC 5775 as inferred by the Schlafly & Finkbeiner (2011)
(SF11) re-calibration of the Schlegel et al. (1998) infrared-based
dust map to beE(B−V )MW = 0.037mag which, when adopt-
ing a standard RMWV = 3.1 value, gives a foreground visual
extinction AMWV = 0.115mag.
Turning our attention to estimating the host reddening of
SNhunt120, we note that there are no robust methods to do so,
and whatever method is adopted is accompanied by significant
uncertainty. With this caveat in mind, inspection of the two low-
resolution, visual-wavelength spectra presented below reveals
the presence of a Na I D absorption feature located at the ex-
pected location given the redshift of the host galaxy. In princi-
ple, a reliable measure of column density can provide a mea-
sure of the host extinction (e.g., Phillips et al. 2013, see their
Fig. 9). Unfortunately we are only able to estimate rough column
densities from these low-dispersion spectra as they do not re-
solve the individual components contributing to the absorption.
Measuring the EW of the Na I feature from the low-resolution
spectra indicates a value of EWNa i D ≈ 2.5± 0.5 A˚. This value
lies outside the range of validity for the Phillips et al. (2013) re-
lation. We next searched for evidence of a Diffuse Interstellar
Band (DIB) located at 5780 A˚ that is known to correlate with
AhostV (Phillips et al. 2013). Unfortunately, the S/N of our spec-
tra is too low to provide any meaningfull measurement of this
DIB feature.
To crudely estimate the reddening of SNhunt120 we com-
pare its observed broadband colors to the intrinsic broadband
colors of other ILRTs. From Fig. 5 we find that the (V − r)
and (V −R) color evolution of the comparison sample is rather
similar to SNhunt120. Here the broadband colors of the com-
parison objects have been corrected for reddening using values
found in the literature. Now if we assume that the intrinsic col-
ors of SNhunt120 are similar to those of the bluest objects in
the comparison sample, the host-galaxy color excess affecting
SNhunt120 can be estimated by shifting its observed broadband
colors to match the intrinsic color curves of the bluest objects
in the comparison sample. In doing so we find the observed
colors are agreeable with the intrinsic colors of the bluest ob-
jects with E(V − r)host = 0.095 ± 0.037 mag which, when
adopting a Fitzpatrick (1999) reddening law, translates to host
visual-extinction of AhostV = 0.64 ± 0.25 mag. Values exceed-
ing those contained within the quoted uncertainty lead to poor
agreement between SNhunt120 and the bluest objects in Fig 5.
Combining AhostV with A
MW
V yields a total visual extinction of
AtotV = 0.76± 0.25 mag for SNhunt120.
Objects like SNhunt120 are typically enshrouded by circum-
stellar dust and as a result the dust may follow a peculiar red-
dening law. If we consider the relations for reddening assuming
graphitic (with grains of size 0.2 µm) circumstellar dust as pre-
sented by Kochanek et al. (2012a), Aλ would be at most 17%
lower than that from the Fitzpatrick (1999) law in the optical (i
band). If on the other hand, the dust is formed by silicates (with
grains of size 0.2 µm), Aλ would be at most 45% lower than
the Fitzpatrick (1999) law in the optical (i band), and up to 30%
higher in the u band.
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